Method of protecting against corrosion at high 

temperature 



The present invention relates to a method of protecting 
5 equipment intended to operate at high temperature in 
the presence of a fluid containing at least one 
hydrocarbon and/or carbon monoxide against corrosion by 
metal dusting, in which pieces of the equipment are 
made from alloys containing nickel, iron, chromium 
10 and/or aluminum, and in which said pieces of the 
equipment are protected from said corrosion by a 
protective coating . 

In the rest of the description, the term "high 
15 temperature" means a temperature at least equal to the 
temperature at which the metal dusting phenomenon 
appears. It is commonly understood that this phenomenon 
appears at temperatures of about 450 °C or more. 

20 Corrosion of the metal dusting type is a major problem 
in industrial processes for which the alloys used for 
the production of equipment items and of pipework 
operate at high temperature in the presence of 
hydrocarbon-S and/or carbon monoxide. It has been found 

25 that, after a relatively long period of operation, a 
corrosive attack is manifested by the gradual dusting 
of the alloy. 

In particular, in the case of steam reforming, natural 
30 gas or other hydrocarbons are transformed into carbon 
monoxide, hydrogen and carbon dioxide by catalytic 
reaction over nickel catalysts. Downstream of the steam 
reforming furnace, the equipment is subjected to 
corrosion by metal dusting, which damages the alloys 
35 from which it is constructed. 

Various solutions have been proposed in order to reduce 
this phenomenon, including the use of surface coatings 
which make it possible to strengthen the corrosion 
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resistance of the alloys. The aluminization of the 
surfaces intended to be subject to this corrosion is in 
particular used in order to limit this phenomenon. 

5 To optimize this protection, EP 0 903 424 describes a 
method intended to improve the protection of a so- 
called high-temperature alloy containing iron, nickel 
or chromium from metal dusting, a method consisting in 
depositing a thin layer of metal from group IV or V of 
10 the periodic table with a thickness of between 0.01 and 
10 urn on the surface to be protected, and to rebake the 
treated surface in an inert atmosphere. 

However, although the alloy coatings provide 
15 satisfactory protection, there is still the problem of 
connections between protected pieces. Bonding by 
welding between protected pieces requires using 
particular connections in order to provide continuity 
of protection. 

20 

At present, no satisfactory solution for this problem 
of joining protected pieces is known. 

This is because, when the pieces to be connected are 
25 protected before welding, the welding destroys the 
protection of the welded region and adversely affects 
the protection of the adjacent region. When this 
protection is applied after welding, the protection is 
then produced over a filler material with a different 
30 composition and/or structure; in this case, the 
diffusion speeds of the various chemical elements are 
affected leading to different and often reduced quality 
and thickness in the welded region with respect to the 
base material unaffected by the welding. Furthermore, 
35 given the available welding material, the piece to be 
welded to the support cannot be fastened for small- 
diameter pipework. It is therefore not possible to 
protect junctions directly on site. 
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Thus, whatever the improvements in protection provided 
on the type of alloy used for producing the equipment, 
on the type of surface coating used for protecting the 
alloy and on the operating conditions of the industrial 
5 process for which the equipment is intended, it is 
still the case that the particular problem of corrosion 
at the connections between protected pieces remains. 
Now this corrosion, even when localized, may lead to 
the failure of equipment items which operate under 
10 pressure conditions which may reach 50 bar. 

The aim of the invention is to solve this problem of 
localized corrosion at the connections between 
protected pieces. 

15 

To do this, according to one characteristic of the 
invention, the latter relates to a method of protecting 
equipment intended to operate at high temperature in 
the presence of a fluid containing at least one 
20 hydrocarbon and/or carbon monoxide against corrosion by 
metal dusting in which pieces of the equipment are made 
from an alloy containing nickel, iron, chromium and/or 
aluminum, and in which said pieces of the equipment are 
protected from said corrosion by a protective coating, 
25 characterized in that: 

said equipment pieces protected in this way are 
connected to each other by means of joining 
pieces, said joining pieces being protected 
beforehand by a protective coating over at 
30 least part of their surface intended to be 

brought into contact with said fluid at high 
temperature, 

each of the connections intended to be 
subjected to said corrosion is produced by 
35 external welding of the ends of the joining 

piece with said pieces of equipment. 
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According to one particular embodiment of the 
invention, the joining pieces have been protected 
beforehand by aluminization . 

5 According to another aspect of the invention, the 

latter relates to a plant for generating synthesis gas 
from a hydrocarbon mixture, characterized in that it 

comprises equipment protected by implementing the 
method as defined above. 

10 

According to a third aspect of the invention, the 

latter relates to a joining piece capable of 
implementing the method as defined above. 

15 Advantageously the joining piece has been protected 
beforehand by aluminization. 

Other characteristics and advantages of the invention 
will emerge from the following description of 
20 embodiments given by way of nonlimiting illustration, 
made in relation to the appended drawings in which: 

figure 1 is a schematic view showing two 
conventional connection types with a support strip; 

figure 2 is a schematic view in longitudinal 
25 section of connections according to the invention, 
produced at the ends of a pipe; 

figure 3 is a schematic view of a longitudinal 
section of a junction piece intended for implementing 
the invention; 

30 - figure 4 shows in situ support and junction 

pieces making it possible to produce the connection of 
the type shown in figure 2; 

figures 5, 6, 7 are schematic views in 
longitudinal section of various junction pieces 
35 intended for implementing the invention. 

figure 8 shows photographies of welds 
conventional, and according to the invention. 
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figure 9 illustrates the presence of aluminized 
layer at the inner surface of a tube connected 
according to the invention. 

Figure 1 shows two types of conventional connection 
with a support strip. In both cases, both the equipment 
pieces having to be connected and the support strip 
have been protected by aluminization at least in the 
regions which will be subjected to corrosion. 

According to connection type 1, the support strip is 
placed on the inner face of the equipment and 
projecting from the surface, it is welded to the end A 
of the equipment at point Al, the chamfered end B of 
the equipment is designed to be brought in contact with 
the end A of the equipment, itself chamfered; these two 
ends are then welded on their outer face. This 
conventional solution in particular has two drawbacks : 

production of the weld Al is difficult, or even 
impossible, using current means in pipework 
with a diameter less than 100 mm, 

the protective layer has defects in the welded 
region Al, in particular associated with the 
differences in material and structure which 
risk initiating the metal dusting phenomenon. 

According to connection type 2, the support strip is 
placed on the inner face of the equipment, but in 
spaces made at the ends A' and B' thereof, such that 
30 this strip does not project from the surface, it is 
welded to the end A of the equipment at the point A'l, 
the chamfered end B' of the equipment is designed to be 
brought in contact with the end A' of the equipment, 
itself chamfered, while the second end of the slot 
35 slides in the space made for this purpose on the inner 
face of B' ; in this case, the two ends A' and B' may 
also be welded on their outer face. This solution in 
particular has three drawbacks: 
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producing the weld A' 1 is difficult, or even 
impossible, using current means in pipework 
with a diameter less than 100 mm, 
the protective layer has defects in the welded 
5 region A'l, this defect in protection which 

risks initiating the metal dusting phenomenon, 
because of the recesses made on the equipment, 
it is not possible to adjust the length of the 
pieces . 

10 

In figure 2, the two ends 1-A and 1-B of a pipe 1 are 
shown, a piece constituting the equipment whose inner 
surface has been treated by aluminization . The 
aluminization coating 2 is shown in all of figures 1 to 
15 7 by a thick hatched line adjacent to the thin line 
showing the surface of the piece. 

Two different junction pieces 3 and 4 are connected to 
the ends of the pipe 1; their geometries are associated 
20 with the functions which are allocated thereto. 

The junction piece 3 is bonded to the end 1-A of the 
tube 1. The connection is made by fitting the end of 
the junction piece inside the tube 1. The two pieces 

25 are then welded on the outside of the assembly formed 
in this way, in the space made for this purpose. The 
inner surface of the junction piece 3 and the part of 
this same piece 3 designed to be fitted inside the tube 
1 are covered by aluminization . Thus there is 

30 continuity of the quality of the surface finish. The 
weld joint 5 is made on the outer surface of the 
pieces. Thus this weld in no way affects the surface 
finish of the inner surfaces of the pieces which will 
be subject to corrosion. 

35 

Similarly, the junction piece 4 is bonded to the end 
1-B of the tube 1. Whatever the slightly different 
shapes on their outer surfaces, the ends of the pieces 
3 and 4 both reproduce the main characteristics of the 
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invention. Thus the piece 4 is protected by a surface 
treatment over at least the part of its surface which 
will be subjected to corrosion and the weld forming the 
junction between the pieces 1, at 1-B and 4, are 
5 located on the outer surface of the pieces. 

Figure 3 shows a junction piece according to the 
invention having at least one end identical to that of 
the junction piece 3 of figure 2. Thus, said piece is 

10 of the type with a constant inner diameter, while its 
outer diameter has a given restriction d at its ends, 
over a length 1 such that it can be matched to the end 
of the piece which must be connected thereto. 
Furthermore, a chamfer is made at the outer diameter 

15 restriction, which chamfer will then be positioned 
facing the chamfer compatible with the other piece to 
be bonded, during connection, such that these two 
chamfers denoting a V-shaped groove on the periphery of 
the bonded assembly are capable of receiving added 

20 material intended to form the weld joint. When the 
piece is small, it is easy to completely aluminize it, 
as shown in figure 3. 

Figure 4 shows the pipe 1 and two junction pieces 
25 referenced 6 and 7. In this case, the piece 6 is a 
straight junction piece, providing a function of 
restricting passage of fluid, whose two ends are 
protected according to the invention, and having an 
external geometry which is compatible with the 
30 requirements of the plant (not described here) . The 
piece 7 is a bent junction piece, having modifications 
of internal diameters, the end located opposite the 
pipe 1 of which is protected according to the 
invention. The other end of this piece 7, not having to 
35 be in an exposed region, is not required to be 
resistant to said high-temperature corrosion. Moreover, 
it will be noted that the pieces 6 and 7, which are 
small, have been aluminized beforehand over their 
entire surface. So as to be able to produce subsequent 
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welds, the coating is removed at the chamfers and in 
their immediate vicinity. 

Figures 5 to 7 show examples of junction pieces 
5 according to the invention having variable geometries, 
according to the requirements of the plant. 

Figure 5 reproduces the piece 7 of figure 4, which is 
completely aluminized, and one of the ends of which 

10 will operate in a region of the plant where the 
temperature is less than the temperature at which the 
metal dusting phenomenon appears; since it is not 
subjected to the risk of corrosion, it is not required 
to comply with the characteristics of the invention at 

15 this end. 

Figure 6 reproduces the completely aluminized piece 6 
of figure 4, with a restriction in inner diameter. It 
is capable of operating under metal dusting corrosion 
20 conditions over its entire length. 

Figure 7 reproduces a junction piece intended to be 
adapted to the input of a reactor. 

25 Figure 8 shows a tube, aluminized, connected at its two 
ends to: 

at end 8-A, a tube of same diameter using 
conventional weld; it illustrates the non-continuity 
of the protection, 
30 - at end 8-B, a junction piece is connected to the 

tube; the weld does not reach the inner face of the 

tube . 

Figure 9 illustrates the connection at end 8-B. The 
35 weld metal does not reach the inner face. The 
aluminization coating 10 is shown by the thick line on 
the schematic view, and by the grey zone along the 
inner surface of the tube on the photography; this 
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shows that the aluminized layer at the inner surface is 
still present, after the welding. 

As will have been understood from the above, using the 
pieces according to the invention has the following 
advantages : 

the absence of intervention on the protective 
regions of the junction pieces and on the 
equipment when producing connections strongly 
contribute to improving the inhibition of metal 
dusting corrosion over all the equipment during 
its operation; 

thanks to the geometry of the junction pieces, 
the welds are made outside the pieces to be 
connected, they may therefore be used for small 
diameters ; 

the welds and the regions affected by the 
welding are not directly exposed to the 
corrosive atmosphere and do not have to be 
protected by the surface treatment; 
the small junction pieces can easily be 
completely protected (inner and outer surface) 
with better thickness control at every point; 
all the welds may be made on site; 
the length of the pipes forming the equipment 
may be adjusted since their ends do not have 
any particular geometry. 

Whatever the invention has been described in relation 
30 to models of particular junction pieces, it is not 
limited thereby but is susceptible to modifications and 
to variants without departing from the scope of the 
invention . 

35 The method of improving the protection of equipment 
according to the invention is particularly suited to 
protection of equipment items used during the 
generation of synthesis gas. 
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